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SKILL BUILDER

Fig. 1 The roll gap schematic

The variab les in t he above schem at ic  are def ined  

as fo llow s:  

- h1= Ent ry slab  thickness

- h2= Exit  slab  thickness

- V1= Ent ry slab  speed

- V2= Exit  slab  speed

- VN= Work ro ll c ircum ferent ial speed

- N= Neut ral point , w here the w ork ro ll speed  is 

equal to  t he slab  speed

- R= Work ro ll rad ius

- ? = Contac t  ang le

- µ= Coef f ic ient  of  f r ic t ion at  t he point  of  contac t

- P= Rad ial force at  t he point  of  contac t

- F= Fric t ion force at  t he point  of  contac t , 

w it h F=µP

At  t he point  of  ent ry into t he ro ll gap  the force 

betw een the w ork ro ll and  the slab  is governed  

by the norm al force (P)  and  the f r ic t ion force 
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Understanding Slab Refusals in Aluminum Hot Rolling:
Causes and Solut ions

Introduct ion

\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \

Slab  refusals are a com m on yet  challeng ing  issue 

in alum inum  hot  ro lling . These refusals, w hich 

occur w hen a slab  fails to  be d raw n into t he ro ll 

b ite, can d isrupt  p roduc t ion under seem ing ly 

norm al cond it ions. Understand ing  the root  

causes of  refusals and  how  to p revent  t hem  

requires an in- depth look at  t he variab les t hat  

inf luence ro lling , such as ro lling  m ill conf igurat ion, 

w ork ro ll setup, ro ll gap  lubricat ion, and  various 

p rocess cond it ions.

In t his w hite paper, w e'll exp lore t he 

fundam entals of  slab  refusals, t he key fac tors t hat  

cont r ibute to t hem , and  p rac t ical so lut ions to 

address these issues in alum inum  hot  ro lling .

The Fundamentals of Slab Refusals

\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \

At  t he hear t  of  slab  refusals is t he interac t ion 

betw een the slab  and  the w ork ro lls, spec if ically 

t he forces that  occur w hen the slab  enters t he 

ro ll gap.

To understand  refusals, it  is t herefore necessary 

to understand  the ro ll gap  and  the respec t ive 

forces that  interac t  at  t he point  of  f irst  contac t  

betw een the slab  and  the w ork ro ll sur face. The 

forces at  t his point , and  spec if ically t he horizontal 

com ponent s of  t hese forces, determ ine w hether 

t he slab  is pulled  into t he ro ll b ite or w hether a 

refusal w ill occur. This is illust rated  at  t he hand  of  

t he ro ll gap  schem at ic  in t he Fig . 1.
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t he m etal cannot  be d raw n into t he ro ll b ite.

Refusals are t herefore p rim arily governed  by:

- t he Contac t  ang le (?)  and

- the Coef f ic ient  of  f r ic t ion (µ) .

Several fac tors can inf luence the likelihood  of  

refusals during  ro lling , and  understand ing  these 

variab les is c ruc ial for root  cause analysis. Here is 

a b reakdow n of  t he m ain fac tors:

The Contact Angle (? )

\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \

Fig. 3 The contact angle

The fo llow ing  variab les im pac t  on the contac t  

ang le (?) :

- The pass reduc t ion

- The absolute reduc t ion in m m

- The w ork ro ll d iam eter

- The w ork ro ll posit ion re lat ive to t he m ill pass 

line ( t he w ork ro ll pass line set- up) .

- The posit ion of  t he upper sur face of  t he 

bot tom  w ork ro ll re lat ive to t he posit ion of  t he 

pass line.

(F) . F is t he rad ial f r ic t ion force at  t he point  of  

contac t  and  is equal to  t he coef f ic ient  of  

f r ic t ion at  t he point  of  contac t  m ult ip lied  by 

t he rad ial force (P)  exer ted  by t he w ork ro ll at  

t he point  of  contac t . The f r ic t ion force m ust  be 

high enough to p rovide t rac t ion for t he m etal 

to  be d raw n into t he ro ll gap.

For t his to  happen the horizontal com ponent  of  

t he f r ic t ion force (F.cos?)  m ust  be equal to  or 

g reater t han the horizontal com ponent  of  t he 

norm al force (P.sin?) , as illust rated  in Fig . 2.

Fig. 2 Roll forces at  the point  of contact between the 
slab and the work roll

Therefore, refusals w ill occur w hen:

- P.sin? ? F.cos?, and  w ith F = µP*, w hen:

- P.sin? ? µP.cos?

Therefore, w hen:

-               > µ or tan? > µ,

Understanding Slab Refusals in Aluminum Hot Rolling:
Causes and Solut ions
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Coeff icient of Frict ion and Maximum Absolute Reduct ion

\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \

For a g iven CoF and  w ork ro ll d iam eter t here is a 

lim it  to  t he m axim um  achievab le absolute 

reduc t ion before refusals w ill star t .

The absolute reduc t ion in m m  per pass d irec t ly 

im pac t s on the contac t  ang le; t he higher t he 

reduc t ion, t he b igger t he contac t  ang le, as 

illust rated  in Fig . 5.

FIg. 5 Relat ionship between the contact angle and 

absolute reduct ion.

With ro lling  possib le only w hen µ> tan? , any 

variab le t hat  im pac t s on the CoF w ill d irec t ly 

im pac t  on the m axim um  achievab le reduc t ion.

The CoF at  t he point  of  contac t  betw een the slab  

and  the w ork ro ll w ill determ ine the m axim um  

absolute reduc t ion possib le for a f ixed  w ork ro ll 

d iam eter. The im pac t  of  CoF on the m axim um  

achievab le absolute reduc t ion is represented  in 

t he  Fig . 6, for a w ork ro ll d iam eter of  800  m m .

The Coeff icient of Frict ion (CoF) (µ)
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \

Fig. 4 The CoF at the point  of contact

The fo llow ing  variab les im pac t  on the Coef f ic ient  

of  Fric t ion (µ) , and  spec if ically t he CoF at  t he 

point  of  contac t  betw een the slab  and  the w ork 

ro ll.

- The ro lling  f luid  p roper t ies:

- Em ulsion concent rat ion

- Em ulsion stab ilit y

- Em ulsion viscosit y

- Tram p oil contam inat ion

- The w ork ro ll sur face p roper t ies:

- Work ro ll roughness

- The m etal p roper t ies:

- Alloy t ype (Metal yie ld  st ress)

- Metal tem perature

Understanding Slab Refusals in Aluminum Hot Rolling:
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Fig. 7 The impact of WR diameter on the contact angle

This illust rates t he im pac t  t hat  an unforeseen 

reduc t ion in CoF m ay have on the achievab le 

reduc t ion, and  hence m ay result  in unexpec ted  

refusals.

Changes in CoF are read ily b rought  about  by 

contam inat ion f rom  equipm ent  lub ricat ion and  

hydraulic  o il system s, reduc t ion in w ork ro ll 

roughness, and  em ulsions w ith varying  stab ilit y.

Work Roll Diameter Impact

\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \

Modern hot  roughing  m ills are t yp ically designed  

w ith w ork ro ll d iam eters in t he range of  800 - 1000  

m m . Mills designed  w ith sm aller w ork ro lls require 

a higher CoF to achieve the sam e reduc t ions as 

larger d iam eter w ork ro lls.

Understanding Slab Refusals in Aluminum Hot Rolling:
Causes and Solut ions
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During  the life cyc le of  a w ork ro ll t here is a 

reduc t ion in d iam eter. Work ro lls are generally 

designed  w ith a useful sur face hardness p rof ile  

t hat  extends roughly 30  m m  into t he ro ll, t herefore 

t he d if ference in d iam eter of  a new  ro ll and  a ro ll 

tow ards the end  of  it s life cyc le is approxim ately 

60  m m . From  the g raph show n in Fig . 9 it  is c lear 

t hat  t he im pac t  on m axim um  reduc t ion is sm all 

( less t han 2 m m ), w it h all other variab les constant  

and  the CoF = 0 .25.

Fig. 9 Impact of WR diameter reduct ion on maximum 

achievable reduct ion.

Note: All t he above analyses assum e that  t he pass 
line set- up  of  t he w ork ro lls are per fec t ly aligned  
to t he slab  pass line.

This analysis show s that  t he reduc t ion in WR 

d iam eter over it s lifecyc le does not  cont r ibute 

signif icant ly to  refusals in hot  ro lling .

As w ill be illust rated  in t he next  sec t ion, it  is rather 

t he change in WR pass line height  w hen chang ing  

f rom  larger d iam eter to  sm aller d iam eter w ork 

ro lls (or vice versa) , w it hout  correc t ing  the w ork 

ro ll pass line height , t hat  im pac t s signif icant ly on 

refusals.

With a dec rease in w ork ro ll d iam eter (R2< R1) t he 

contac t  ang le inc reases for t he sam e absolute 

reduc t ion h1? h2.

- With ?2>?1,

- Tan?2> Tan?1,and

- µ2> µ1

- With a sm aller WR d iam eter a higher 

coef f ic ient  of  f r ic t ion is required  to achieve the 

sam e m axim um  reduc t ion, or

- With t he sam e coef f ic ient  of  f r ic t ion (µ) , a 

b igger reduc t ion is possib le for a larger 

d iam eter w ork ro ll, before refusals w ill occur, 

sinceTan?1< Tan?2

The g raph in FIg . 8 illust rates t he ef fec t  on 

m axim um  reduc t ion, w it h t he sam e CoF. For a 

CoF of  0 .25 this w ill result  in a m axim um  reduc t ion 

of  23.5 m m  for an 800  m m  WR, versus 29.5 m m  for 

a 1000  m m  WR. This result s in a d if ference in 

m axim um  reduc t ion of  6 m m , or roughly a 20% 

loss in pass reduc t ion capab ilit y.

Fig. 8 The impact of WR diameter on the maximum 

achievable reduct ion.
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Modern hot  ro lling  m ills have both m echanical and  
hydraulic  bot tom  w ork ro ll ad justm ent  system s to 
cont inuously m ake sm all ad justm ent s to t he 
bot tom  w ork ro ll passline height .

Older ro lling  m ills of ten only have m echanical 
w edges or spacer bars t hat  are ad justed  af ter 
every w ork ro ll change to set  up  a f ixed  bot tom  
w ork ro ll passline posit ion. When this ad justm ent  
is not  done, or incorrec t ly done, it  can have a 
m ajor im pac t  on the occurrence of  refusals, and  it  
is of ten at  t he root  cause of  refusals. The im pac t  
of  a w ork ro ll passline that  is of fset  f rom  the m ill 
passline is illust rated  in Fig . 12 for a w ork ro ll 
d iam eter of  900  m m , at  respec t ively 2- , 4- , 6-  and  
8- m m  of fset  f rom  the m ill passline.

Fig. 12 Impact of an offset of the WR pass line from the 

slab pass line on the maximum achievable absolute 

reduct ion

In t his exam ple an 8 m m  of fset  in WR pass line 

set- up  can result  in reduc ing  the m axim um  

achievab le absolute reduc t ion by 16,5 m m . In t his 

case a reduc t ion f rom  37,5 m m  to 21 m m , i.e., 

approxim ately 45%.

The Mill Pass Line

\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \

The m ill pass line is def ined  as the line t hat  runs 

through the centerline of  t he slab, as illust rated  in 

Fig . 10 . To achieve opt im ized  ro lling  cond it ions the 

top  and  bot tom  w ork should  ideally be 

cont inuously ad justed  in height  to  ensure that  t he 

m id - point  of  t he ro ll gap  coinc ides w ith t he m ill 

pass line, i.e., t he center line of  t he slab.

- To achieve this t he bot tom  w ork ro ll needs to 

be ad justed  in height  to  com pensate for t he 

change in absolute reduc t ion f rom  pass to pass.

- At  t he sam e t im e the top  w ork ro ll needs to be 

cont inuously ad justed  to com pensate for both 

t he change in absolute reduc t ion f rom  pass to 

pass and  the reduc t ion in slab  thickness.

Fig. 10 The rolling mill pass line

Fig. 11 Adjustment of WR pass line relat ive to slab pass 
line to accommodate changes in slab thickness and 

absolute reduct ion

Understanding Slab Refusals in Aluminum Hot Rolling:
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Table 1 The change in slab pass line from the reference 

pass line (1 800 mm slab w idth) for a roller table w ith a 

1:25 taper.

Tab le 1 show s the change in slab  pass line f rom  

the reference pass line (1 800  m m  slab  w id th)  for 

a ro ller t ab le w it h a 1:25 taper.

A change in slab  w id th during  a ro lling  cam paign 

on a set  of  w ork ro lls m ay therefore result  in 

refusals if  t he w ork ro ll pass line is not  ad justed  

accord ing  to t he slab  w id th and  the spec if ic  ro ller 

t ab le design.

Coeff icient of Frict ion (CoF)

\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \

Since the cond it ions for refusals are cont ro lled  by 

t he equat ion µ > tan?  it  is im por tant  to  understand  

w hich fac tors can im pac t  on the coef f ic ient  of  

f rac t ion (CoF) at  t he point  of  ent ry.

It  is not  easy to calculate or m easure the CoF for a 

spec if ic  set  of  variab les. How ever, it  is possib le to 

calculate t he re lat ive ent ry f ilm  thickness for a 

par t icular set  of  variab les. For t his d iscussion, it  is 

assum ed that  t here is a p ropor t ional and  inverse 

re lat ionship  betw een the ent ry f ilm  thickness and  

the CoF. i.e., t he t hicker t he ent ry f ilm  thickness, 

t he low er t he CoF.

From  this it  is c lear t hat  WR pass line set- up  is one 

of  t he m ajor p rocess variab les im pac t ing  on 

refusals. This becom es im por tant  to  consider 

w hen doing  a ro ll change, say f rom  new  ( larger 

d iam eter)  w ork ro lls to  o ld  (sm aller d iam eter)  

w ork ro lls.

If  t he bot tom  WR pass line is not  set  up  correc t ly 

for t he new  ( low er d iam eter)  WR, it  could  have a 

signif icant  im pac t  on refusals even w hen the 

d iam eter is only a sm aller by a few  m illim et res. 

This is t he reason w hy refusals of ten occur af ter 

WR changes. As such, it  is not  t he d if ference in 

WR d iam eter t hat  is causing  the refusals, but  

rather t he change in WR pass line b rought  about  

by t he d if ference in WR d iam eter.

Note: The sam e argum ent  app lies w hen chang ing  
f rom  a sm aller to  a larger d iam eter WR.

Pass line variat ion w ith slab w idth changes
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \

The im pac t  of  a change in t he slab  w id th on the 

slab  pass line is of ten overlooked . The re lat ive 

ver t ical posit ion of  t he slab  can vary w hen the 

tab le ro lls are tapered , w hich is t he case for m ost  

m odern ro lling  m ills. The change in slab  pass line 

is illust rated  in Fig .13 below .

Fig. 13 Pass line change as a result  of slab w idth change 

on a tapered roller table

Understanding Slab Refusals in Aluminum Hot Rolling:
Causes and Solut ions
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This equat ion form s the basis used  by Quaker 

Houghton to develop  a ro ll gap  lubricat ion m odel 

t hat  illust rates t he re lat ive im pac t  of  various 

p rocess variab les on a norm alized  ro ll gap  f ilm  

thickness. Note: The g raphs below  ind icate t he 

norm alized  values and  does not  represent  t he 

absolute f ilm  thickness. These result s g ive som e 

ind icat ion on the re lat ive m agnitude that  various 

p rocess variab les have on the f ilm  thickness, and  

hence the coef f ic ient  of  f r ic t ion (CoF).

Alloy rolled and metal temperature

\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \

Whilst  t he alloy ro lled  is a f ixed  variab le it  is useful 

to  see w hat  t he im pac t  is on possib le refusals.

Fig . 14 below  show s that , at  a f ixed  slab  

tem perature, t he f ilm  thickness is re lat ively 

t hicker for a sof t  alloy (3005) com pared  to a 

harder alloy (5182). Therefore, it  is not  uncom m on 

that  refusals are m ore com m on on sof t  alloy, 

re lat ive to harder alloys, w it h all other variab les 

constant .

Fig. 14 Graph illustrat ing the relat ive impact of alloy 

(YS) and slab temperature on the film thickness (CoF)

The ent ry f ilm  thickness is calculated  using  the 

w ell- know n Wilson- Walow it  equat ion:

Where:

Understanding Slab Refusals in Aluminum Hot Rolling:
Causes and Solut ions
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Variable Unit Descript ion

hit x µm Ent ry f ilm  thickness at    
tem perature t x

? t x Pa.s Dynam ic  viscosit y at  
tem perature t x

?t x 1/ Pa Viscosit y p ressure re lat ionship  
at    tem perature t x

N m / s Inlet  sheet  speed

V m / s Work ro ll speed

Y Pa Metal yie ld  st ress

S Pa Unw ind  tension (w hen 
app licab le)

R m Work ro ll rad ius

g1 m Inlet  sheet  t hickness

g2 m Out let  sheet  t hickness
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t he f ilm  thickness, i.e., t he t hicker t he f ilm  the 

low er t he CoF.

Fig. 16 Graph illustrat ing the relat ive impact of oil 

concentrat ion on the f ilm thickness (CoF).

Fig. 17 Graph illustrat ing the relat ive impact of emulsion 
stability (PSD) on the f ilm thickness (CoF).

The sam e g raph also illust rates t he im pac t  of  slab  

tem perature, w it h t he f ilm  thickness inc reasing  

w ith a low er slab  tem perature.

It  is not  uncom m on to experience an inc rease in 

refusals af ter delays in t he ro lling  p rocess. It  is not  

t he bulk slab  tem perature t hat  should  be 

considered  under t hese c ircum stances but  

rather t he tem perature of  t he lead  and  tail ends 

since the heat  losses in t hese areas are higher 

t han in t he body of  t he slab.

- Mill t hread ing  speeds are generally low er 

t han the ro lling  speed , result ing  in m ore 

heat  loss into t he w ork ro lls and  w ork ro ll 

coolant  on the lead  and  tail ends.

- There is a g reater sur face area for heat  

loss on the lead  and  tail ends.

Fig. 15 Heat f low  and temperature profile in the body 

and lead end of a slab

Emulsion propert ies

\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \

The em ulsion p roper t ies obviously have an 

im pac t  on the f ilm  thickness (CoF), and  the 

re lat ive im pac t  of  t he fo llow ing  em ulsion variab les 

are illust rated  in t he g raphs.

- Em ulsion concent rat ion

- Em ulsion stab ilit y (Par t ic le size d ist r ibut ion 

PSD)

- Em ulsion viscosit y

- Contam inat ion by t ram p oil (Viscosit y change)

Bear in m ind  that  t he CoF is inversely re lated  to 

Understanding Slab Refusals in Aluminum Hot Rolling:
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roughness are:

- High contac t  st resses betw een the w ork ro ll 

and  back- up  ro ll, lead ing  to shearing  of  t he 

peaks on the w ork ro ll sur face.

- The re lat ive m ovem ent  betw een the st r ip  and  

the w ork ro ll sur face, lead ing  to w ear on the 

w ork ro ll sur face.

- Filling  of  t he valleys by w ork ro ll coat ing .

Fig. 20 Schematic of work roll surface texture change 
through a work roll campaign

Therefore, it  is not  uncom m on to see the 

inc idence of  refusals inc reasing  through a ro lling  

cam paign, due to a dec rease in w ork ro ll 

roughness, and  this is of ten one of  t he reasons for 

w ork ro ll changes.

Fig. 18 Graph illustrat ing the relat ive impact of emulsion 

viscosity on f ilm thickness (CoF).

Work roll roughness
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \

As can be expec ted , w ork ro ll roughness has an 

inf luence on the CoF. Fig . 19 illust rates t he 

calculated  im pac t  on f ilm  thickness w hen the 

w ork ro ll roughness is reduced  f rom  1.6 Ra to 1.3 

Ra.

Fig. 19 Graph illustrat ing the relat ive impact of work roll 
roughness (Ra) on f ilm thickness (CoF).

The w ork ro ll roughness undergoes a natural 

reduc t ion through a w ork ro ll cam paign and  this 

dec rease in roughness leads to a dec rease in t he 

CoF (an inc rease in t he f ilm  thickness) .

The m ain causes for t his reduc t ion in w ork ro ll 

Understanding Slab Refusals in Aluminum Hot Rolling:
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Notes for Tab le 2:

1. The im pac t  of, and  ab ilit y to  cont ro l, t hese 

variab les are dependent  on the spec if ic  m ill 

design.

2. Work ro ll d iam eter im pac t  should  be seen in 

context  of  t he d iscussion

- The im pac t  assessm ent  and  ab ilit y to  cont ro l 

m ay vary f rom  ro lling  m ill to  ro lling  m ill.

- The ?Ab ilit y to  cont ro l? rat ing  is not  only based  

on the physical ab ilit y to  cont ro l t he variab le, but  

also on the f reedom  of  change, g iven other 

p rocess and  p roduc t  requirem ent s, such as 

im pac t  on sur face qualit y.

- To achieve a sustainab le solut ion a change in a 

com binat ion of  t he variab les m ay be required .

Other measures

\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \

In p rac t ice, hot  ro lling  m ills app ly other ad - hoc  

m easures to overcom e refusals. All of  t hese are 

aim ed at  e it her inc reasing  the coef f ic ient  of  

f r ic t ion (?µ) at  t he contac t  ang le or ef fec t ively 

reduc ing  the contac t  ang le (??).

Table 3 Other possible act ions to overcome refusals.

Summary of Controllable Variables

\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \

The Tab le 2 below  represent s a generalized  rat ing  

of  t he ident if ied  variab les t hat  m ay im pac t  on 

refusals.

Table 2 Generalized impact of refusals variables

Understanding Slab Refusals in Aluminum Hot Rolling:
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Variable Impact Ability to control

Work ro ll pass line 

of fset
5 Moderate to high1

Tram p oil 4 Moderate to high1

Work ro ll d iam eter2 4 Moderate to high1

Slab  w id th1 4 Moderate to high1

Em ulsion viscosit y 3 Moderate

Em ulsion stab ilit y 3 Moderate

Work ro ll roughness 3 Moderate

St rip  tem perature 3 Low

Em ulsion 

concent rat ion
2 Moderate

Process act ion Object ive

Rolling  w ithout  w ork ro ll coolant  
unt il t he slab  is in t he ro ll   gap

?µ

Spraying  kerosene onto t he w ork 
ro ll to  rem ove f ree o il

?µ

Rolling  t he f irst  few  passes w ithout  
w ork ro ll coolant

?µ

Tem porarily add ing  add it ional 
passes to t he pass schedule

??

Doing  an interm ed iate reduc t ion 
on the head  end , reversing  the 

??

Impact rat ing

1 2 3 4 5

Very low Low Moderate High Very high
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Conclusion

\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \

Slab  refusals in alum inum  hot  ro lling  are com plex 

and  inf luenced  by m any fac tors, inc lud ing  w ork 

ro ll d iam eter, em ulsion p roper t ies, m ill pass line 

setup, and  m ore. By understand ing  the 

re lat ionships betw een the contac t  ang le and  

coef f ic ient  of  f r ic t ion, as w ell as t he various 

cont ro llab le variab les, ro lling  m ills can take 

targeted  ac t ion to p revent  refusals and  opt im ize 

p roduc t ion.

Ult im ately, a com binat ion of  careful p rocess 

cont ro l, equipm ent  m aintenance, and  p rac t ical 

ad justm ent s w ill help  reduce the occurrence of  

slab  refusals, lead ing  to sm oother, m ore ef f ic ient  

ro lling  operat ions.
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Fig. 21 Schematic of part ial reduction of lead end to 

counteract refusals ? not to scale
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